| INTRODUC TI ON
Prophylactic administration of coagulation factor is widely considered to be the current standard of care for patients with severe hemophilia. [1] [2] [3] [4] To ensure optimal prophylaxis and cost-effective factor use, dosing should be tailored according to the pharmacokinetic (PK) properties of the factor IX (FIX) product used, as well as each patient's clinical situation and disease severity. 5, 6 Pharmacokinetic parameters are known to vary among different FIX products; 7 it is important to understand these differences to ensure successful bleed prevention and control. With the advent of extended half-life (EHL) recombinant FIX (rFIX) concentrates, which are expected to impact the hemophilia B treatment landscape profoundly, PK characteristics will remain a vital influence in treatment decisions. Both N9-GP [10] [11] [12] [13] and rFIXFc [14] [15] [16] [17] showed clinical efficacy and favorable safety profiles in their respective clinical development programs. Both products also show improved PK characteristics when compared with non-modified (standard half-life) FIX products; 10, 11, 14, 15, 17, 18 these improvements are expected to decrease the burden of treatment and potentially allow patients to live a more physically active life.
However, published PK data for N9-GP and rFIXFc are not directly comparable due to key differences in trial designs and PK analysis methodologies. 19 Therefore, the aim of this trial was to perform a direct, single-dose PK comparison between N9-GP and rFIXFc.
The findings from the trial are intended to help clinicians define optimal treatment strategies for patients with hemophilia B. 
| METHODS

| Trial design
| Trial objectives
The primary objective of paradigm 7 was to compare the single-dose PK of N9-GP and rFIXFc in patients with hemophilia B. The secondary objective was to evaluate the safety of both treatments.
| Patients
Investigators enrolled male patients aged 18-70 years with congenital hemophilia B (FIX 2% or less) and more than 150 exposure days to any standard half-life FIX product. Patients who had current or past history of FIX inhibitors (at least 0.6 Bethesda Units), were immunocompromised (CD4+ T cells 200/μL or fewer), or had a body mass index greater than 35 kg/m 2 were excluded from the trial.
| PK assessments
Each PK session was 10 days long and consisted of eight visits ( Figure 1 ). Blood samples were collected for PK assessment at 14 time-points over each 10-day PK session: predose, 10 and 30 min- 
Essentials
• Published PK data for N9-GP and rFIXFc (both EHL rFIX drugs) are not directly comparable.
• paradigm 7 was the first randomized, single-dose trial between two EHL compounds.
• N9-GP demonstrated consistently favorable PK characteristics versus rFIXFc.
• These findings will help clinicians understand PK differences between EHL rFIX products.
or published literature recommendations for each product; 8, 22, 23 SynthAFax (Instrumentation Laboratory, Bedford, MA) was used for N9-GP and Actin FSL (Siemens, Marburg, Germany) for rFIXFc. To date, chromogenic assays had not been used in any clinical trials with rFIXFc; however, given that the ROX factor IX (Rossix AB, Mölndal, Sweden) kit has been previously qualified for measuring N9-GP, 24 it was subsequently qualified for measuring rFIXFc in the current trial and selected as the chromogenic assay for both products.
| Endpoints
The primary endpoint was area under the FIX activity-time curve from 0 to infinity, dose-normalized to 50 IU/kg (AUC 0-inf,norm ). Secondary 
| Statistical analyses
Based on data from the pivotal, phase III trial of N9-GP, 11 the withinpatient variation in terms of geometric coefficient of variation (CV) was ≤20%.
Assuming that data are log-normal distributed, the 90% confidence interval (CI) of the AUC ratio between N9-GP and rFIXFc would be [0.87; 1.15] times the estimated AUC ratio with 12 patients completing. Thus, 12 patients completing both PK sessions was considered necessary to provide an adequate comparison of the PK between N9-GP and rFIXFc.
All PK endpoints were log-transformed before being analyzed using a mixed-effects model that included product and period as fixed effects and patients as a random effect. Such a model allowed adjustments to be made for patient variability, enabled inclusion of patients with data for only one product/period and precluded the requirement for a pairwise comparison between the two periods for each patient. Estimates with two-sided 95% CIs were provided for each treatment, back-transformed to the original scale. The twosided 95% CIs for the comparison between treatments (expressed as a ratio) were provided together with the P-value. All PK endpoints were derived using noncompartmental methods and all analyses were performed at the 5% significance level.
All patients exposed to the trial products were included in the safety analysis set; all patients with at least one evaluable PK profile were included in the full analysis set (used for the primary PK analysis). AEs were summarized and listed descriptively.
| Data-sharing statement
The trial sponsor's policy on data sharing may be found at https:// www.novonordisk-trials.com/how-access-clinical-trial-datasets.
| RESULTS
| Patient population and demographics
Patient demographics are presented in Table 1 . In total, 15 patients were recruited from three countries (Germany, Switzerland, and the United States) and received single doses of N9-GP and rFIXFc. Eight patients received N9-GP first, then rFIXFc; seven received rFIXFc first, then N9-GP. Mean age was 39.7 years (standard deviation:
15.5 years) and most patients were Caucasian (11 of 15; 73.3%).
One patient experienced a breakthrough bleed after dosing with rFIXFc, which he self-treated with the commercial rFIXFc product (prohibited per the trial protocol). After his PK profile was shown to be affected, this patient was excluded from the PK analysis; thus, the full analysis set comprised 14 patients. In addition, one patient missed the last two sampling time-points (192 and 240 hours) for the N9-GP PK session and another patient missed the last two sampling time-points for the rFIXFc PK session. These patients were excluded from the analyses for AUC 0-inf,norm , t ½ , C 168h , C 240h , CL, 
| PK assessment
Mean FIX activity profiles for N9-GP and rFIXFc, measured using the one-stage clotting and chromogenic assays calibrated with NHP, are presented in Figure 2 . Interpatient variability was low for both products and, for N9-GP, the FIX activity profile measured using the one-stage clotting assay was similar when calibrated by either NHP or a product-specific standard (data not shown).
Geometric mean values and geometric coefficients of variation for pre-dose FIX activity and the derived PK endpoints are shown in Table 2 . The results from the mixed-effects model are presented in 2.94-3.57]; P < 0.0001).
Overall, N9-GP demonstrated favorable PK characteristics compared with rFIXFc ( Figure 3 ). Based on results using the one-stage clotting assay, C max,norm , and IR 30min were both twice as high with N9-GP versus rFIXFc (estimated ratio: 2.02 and 2.20, respectively; P < 0.0001 for both), t ½ was slightly longer (estimated ratio: 1.22;
and 240 hours (0.116 vs 0.019 IU/mL; estimated ratio: 6.12; P < 0.0001). Moreover, CL was four times lower (estimated ratio:
0.23; P < 0.0001) and V ss was three times lower (estimated ratio: 0.33; P < 0.0001). For all secondary and additional PK endpoints, results obtained using the chromogenic assay were comparable with results from the one-stage clotting assay.
For each patient, N9-GP had a higher IR 30min , C 168h , and C 240h , as well as a greater AUC 0-inf,norm , than rFIXFc.
| Safety
No serious AEs were reported in the trial and no patients developed inhibitors. Overall, five AEs were reported in four patients during the PK sessions, while three AEs occurred in two patients during the washout period between PK sessions. Three AEs were reported in two patients during the N9-GP PK session: fatigue and headache in one patient and fatigue in the other patient; all three
AEs were considered mild in severity. Two AEs were reported in two patients after receiving rFIXFc: mild nasopharyngitis and moderate left elbow pain. No AEs were judged to be related to trial products. understand the differences in PK characteristics between the two EHL rFIX products. In the current trial, the favorable PK characteristics of N9-GP relative to rFIXFc, as suggested by previous trials, appear to have been confirmed. Compared with rFIXFc, N9-GP had approximately four times larger AUC 0-inf,norm , two times higher IR 30min and C max,norm , four times lower CL, slightly longer t ½ , and six times higher C 168h and C 240h .
| DISCUSSION
Results for all PK endpoints were consistent using both the one-stage clotting and chromogenic assays, as well as consistent with previously published findings for each product. 10, 11, 14, 15 This confirmation of the favorable PK characteristics of N9-GP, together with the positive hemostatic efficacy reported throughout the paradigm clinical program, [11] [12] [13] suggest that N9-GP may enable patients to follow similar physical activity regimens to the normal population, as weekly prophylaxis with 40 IU/kg elevates FIX levels to nonhemophilia ranges for most of the week with FIX trough levels in the mild hemophilic range.
Log-scale comparison of the FIX activity profiles for each product (Figure 4 ) demonstrated that the N9-GP data fit well into a onecompartment model, while the rFIXFc data are best described by a two-or three-compartment PK model. This emphasizes the different intercompartment distributions of each drug and is consistent with the observed difference in V ss , as well as the published data and known distribution phases for each product. 14, 18 However, the clinical consequences of these findings are not known. After intravenous F I G U R E 2 Mean FIX activity profiles following single 50-IU/kg doses of N9-GP and rFIXFc, measured using one-stage clotting and chromogenic assays. Mean (±SD) FIX activity profiles following single 50-IU/kg doses of N9-GP and rFIXFc are shown, measured using one-stage clotting assays (A) and the chromogenic assay (B). Panel (C) collates the mean plots with an insert magnifying FIX activity over the first 24 h. The aPTT reagents used for the one-stage clotting assay were SynthAFax and Actin FSL for N9-GP and rFIXFc, respectively. The ROX factor IX kit was used for the chromogenic assay with both treatments. All assays were calibrated using NHP. aPTT, activated partial thromboplastin time; FIX, factor IX; NHP, normal human plasma; PK, pharmacokinetic, rFIXFc, recombinant factor IX-Fc fusion protein; SD, standard deviation The current trial provides a direct PK comparison of N9-GP and rFIXFc; however, it should be noted that the single-dose design of the current trial limits correlation of the findings with previous observations for treatment outcomes on routine prophylaxis. Due to the demanding nature of the trial protocol, it would have been difficult to expand the duration, patient sample size, and scope of the trial to include bleeding rates and patient outcomes.
The authors also acknowledge that it would have been ideal to base the primary analysis on a one-stage clotting assay that used the same aPTT reagent for both products; however, unfortunately, The aPTT reagents used for the one-stage clotting assay were SynthAFax and Actin FSL for N9-GP and rFIXFc, respectively. The ROX factor IX kit was used for the chromogenic assay with both treatments. All assays were calibrated using NHP. aPTT, activated partial thromboplastin time; AUC 0-inf,norm , area under the FIX activity-time curve from 0 to infinity, dose-normalized to 50 IU/kg; C 168h , FIX activity at 168 h; C 240h , FIX activity at 240 h; CL, clearance; C max,norm , maximum FIX activity dose-normalized to 50 IU/kg; IR 30min , incremental recovery at 30 min; CV, geometric coefficient of variation; NHP, normal human plasma; PK, pharmacokinetic; rFIXFc, recombinant factor IX-Fc fusion protein; t ½ , terminal half-life; V ss , apparent volume of distribution at steady state. *N = 12; two patients missed the last two PK time-points and were excluded from the analysis for these parameters.
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there is not a single aPTT reagent that could be used to measure both products and allow a more robust head-to-head comparison.
A previously published field study by Sommer et al showed that a one-stage clotting assay using SynthAFax overestimates FIX activity for rFIXFc in spiked hemophilia B plasma samples, 22 and a recent study by Kershaw et al also reported over-recovery for rFIXFc with this aPTT reagent. 23 Meanwhile, the field study by Sommer et al demonstrated that a one-stage clotting assay with Actin FSL accurately reproduces the activity of rFIXFc. 22 Therefore, assay reagents and kits were identified by available product label information and recommendations from published literature, and were ultimately selected based on successful assay qualification at the trial's onset.
Furthermore, the PK characteristics observed for each product were consistent for one-stage clotting and chromogenic assays used in the trial, as well as with previously published information.
8,9
| CONCLUSIONS
This direct PK comparison demonstrated that N9-GP had a higher IR 30min and longer t ½ than rFIXFc, which resulted in significantly larger AUC 0-inf,norm and higher C 168h , indicative of a favorable PK F I G U R E 3 Analysis of PK endpoints for N9-GP versus rFIXFc, derived from FIX activity measured using one-stage clotting and chromogenic assays. All PK endpoints were log-transformed before being analyzed using a mixed-effects model that included product and period as fixed effects and patients as a random effect. Estimates with two-sided 95% CIs were provided for each treatment, backtransformed to the original scale; the two-sided 95% CIs for the comparisons between treatments were expressed as ratios and provided together with the P-values. The aPTT reagents used for the one-stage clotting assay were SynthAFax and Actin FSL for N9-GP and rFIXFc, respectively. The ROX factor IX kit was used for the chromogenic assay with both treatments. All assays were calibrated using NHP. *P < 0.0001 for all comparisons, except for t ½ , for which P < 0.001 for both assays. aPTT, activated partial thromboplastin time; AUC 0-inf,norm , area under the FIX activity-time curve from 0 to infinity, dose-normalized to 50 IU/kg; C 168h , FIX activity at 168 h; C 240h , FIX activity at 240 h; CI, confidence interval; CL, clearance; C max,norm , maximum FIX activity dose-normalized to 50 IU/kg; FIX, factor IX; IR 30min , incremental recovery at 30 min; NHP, normal human plasma; PK, pharmacokinetic; rFIXFc, recombinant factor IX-Fc fusion protein; t ½ , terminal half-life; V ss , apparent volume of distribution at steady state Ratio N9-GP/rFIXFc Ratio N9-GP/rFIXFc F I G U R E 4 Log-scale mean FIX activity profiles following single 50-IU/kg doses of N9-GP and rFIXFc, measured using one-stage clotting and chromogenic assays. Log-scale mean FIX activity profiles following single 50-IU/kg doses of N9-GP and rFIXFc are shown, measured using one-stage clotting assays and the chromogenic assay. The aPTT reagents used for the one-stage clotting assay were SynthAFax and Actin FSL for N9-GP and rFIXFc, respectively. The ROX factor IX kit was used for the chromogenic assay with both treatments. All assays were calibrated using NHP. aPTT, activated partial thromboplastin time; FIX, factor IX; NHP, normal human plasma; rFIXFc, recombinant factor IX-Fc fusion protein 
